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The claims are 2 to 16. 

The above amendment is responsive to points set forth in the Official Action. 
The above amendment to claim 2 and to the specification at page 14 is presented to 
correct a typographical error. 

In this regard, the correct depiction of Formula 1 A is as follows: 

R O 

O ° ° R i Formula 1A 

Thus, the end group on the right side of the formula has been modified in order to 
correspond to a (meth)aciylate end group as described on p. 15, lines 8-11. 

The oxygen atom has been moved from the left side of R4 to its right side. In this way, 
R4 is linked on both sides by a urethane (or carbamate) group to the rest of the molecule as 
described on p. 13, lines 30 to 38 and p.15, lines 8-11. The definition of a urethane (or 
carbamate) group can be found in Appendix 1 (Ullman's Encyclopedia of Industrial Chemistry, 
5 th - completely revised edition, Vol. A21, VCH Verlagsgesellschaft mbH, Weinheim, 1992, p. 
666), copy attached. 

Claim 7 has been amended to better define the present method and the significance of 
this amendment will be discussed below. 

Claims 2-6, 11-13 and 14 have been rejected under 35 U.S.C. 102(b) as anticipated by 
or, in the alternative, under 35 U.S.C. 103(a) as obvious over U.S. Patent Publication No. 
2002/00991 10 to Norlin et al. 

This rejection is respectfully traversed. 

The present invention relates to radiation curable urethane (meth)acrylate oligomers 
according to claim 2, which may be obtained in two steps as recited in claim 7. 
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(a) An isocyanate terminated pre-polymer is prepared by a urethane condensation 
reaction between a mixture of acrylic polyol(s) A and rubber polyol(s) B and difunctional 
isocyanates used in excess. The rubber and acrylic entities are randomly distributed in the pre- 
polymer backbone. 

(b) The isocyanate terminated pre-polymer is capped with hydroxyl group-containing 
(meth)acrylates to obtain (meth)acrylate end groups. 

The acrylic polyol(s) A used in the present invention are acrylic polymers bearing 
hydroxyl functions. An acrylic polymer is obtained by the polymerization of acrylic ester 
monomers and corresponds to the general formula set forth in the attached Encyclopedia of 
Chemical Technology, 4 th Ed., Vol. 1, Kirk-Othmer, John Wiley and Sons, 1991, p. 323,first 
equation. 

The hydroxyl groups can be introduced into the acrylic polymer by various methods as 
detailed on p. 17, lines 17-24. When a hydroxyl functional polymerizable unsaturated compound 
is used to introduce the hydroxyl functionality, it is copolymerized into the acrylic polymer and 
hence no (meth)acrylate functions remain in the acrylic polymer. 

In conclusion, the acrylic polyol(s) A of claim 2 and claims dependant thereon have 
saturated acrylic backbones (which don't contain any acrylic double bond) bearing hydroxyl 
groups. On the contrary, the hydroxyl group-containing (meth)acrylates used in step (b) of claim 
7 to cap the isocyanate terminated pre-polymer are entities bearing, at the same time, hydroxyl 
group(s) capable of reacting with an isocyanate group and (meth)acrylate double bond(s). 

With regard to Norlin et al. 

The polymer of claim 2 differs from the oligomers disclosed by Norlin in that its 
backbone contains an acrylic polvol residue A . The oligomer disclosed by Norlin [0015] is built 
by the reaction of (a) a polyol, (b) a polyisocyanate, (c) a polymerizable unsaturated group 
containing compound containing both an active group capable of reacting with the isocyanate 
group and a polymerizable unsaturated group. Norlin discloses the use of different kinds of 
polyols: polyether polyol [0016], polyester diol, polycaprolactone diol and polycarbonate diol 
[0021] and polyolefin diols [0022]. However, Norlin doesn't disclose the use of an acrylic polyol 
A as defined in the present claim 2. 
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Furthermore, component (c) described by Norlin [0024-0028] has a group reactive with 
an isocyanate and a polymerizable unsaturated group, such as hydroxyethylacrylate, and hence is 
not an acrylic polvol A as presently recited . 

Hence claim 2 and dependent claims 3-6 and 1 1-14 are novel and unobvious in view of 

Norlin. 

Claims 2-6, 10-14, and 16 have been rejected under 35 U.S.C. 102(b) as anticipated by 
or, in the alternative, under 35 U.S.C. 103(a) as obvious over U.S. 7,368,171 to Bushendorf et al. 
This rejection is also respectfully traversed. 

Bushendorf has an effective date of September 3, 2004 and is antedated by applicants' 
Provisional Application 60/536,260 filed January 14, 2004 which supports the present claims in 
all essential respects. 

Claims 2-6 and 9-15 have been rejected under 35 U.S.C. 102(b) as anticipated by or, in 
the alternative, under 35 U.S.C. 103(a) as obvious over U.S. 7,189,781 to Acevedo et al. 
This rejection is respectfully traversed. 
With regard to Acevedo et al. 

Acevedo discloses a dual cure (moisture curable and radiation curable) polyurethane 
prepolymer including the reaction product of a polyol (which can be a polydiene block polyol 
(column 6, lines 2-4)), a polyisocyanate, a hydrogen active (meth)acrylate (column 4, lines 1-3). 
However, Acevedo doesn't disclose the use of an acrylic polyol A . 

Hence claim 2 and dependent claims 3-6 are novel and unobvious in view of Acevedo. 

Claims 9 and 15 refer to either claim 2 or claim 8. As the polymers claimed in claims 2 
and 8 are novel and unobvious in view of Acevedo, claims 9 and 15 are novel and unobvious as 
well. 

Claims 7-8 have been rejected under 35 U.S.C. 102(b) as being anticipate by U.S. Patent 
Publication No. 2001/0031369 to Reusmann. 

This rejection is respectfully traversed. 
With regard to Reusmann et al. 

Reusmann discloses a radiation-curable binder prepared from mixtures of a,o>- 
polymethacrylatediols with other polyols (which can be polyetherpolyols, dimethylolpropionic 
acid), with one or more polyisocyanates and one or more hydroxyalkyl (meth)acrylates. 
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Reusmann uses a stoichiometric ratio of the components leading to non-extended backbones (see 
[0030-0031] and drawings on page 3). 

The process of amended claim 7 differs from the one in Reusmann in that the presently 
claimed polymer is characterized by an extended urethane backbone as described on p. 13, lines 
11-15 and as depicted by Formula 1A and Formula 2 A of claim 2, by the use of repeating units 
with integers m 5 n and p. 

Hence claims 7 and 8 are novel and unobvious in view of Reusmann. 

Further with regard to unobviousness, both Norlin and Acevedo disclose the preparation 
of a radiation curable oligomer obtainable by the reaction of a polyol (which can be a rubber 
polyol), a polyisocyanate and a compound containing both a group capable of reacting with an 
isocyanate group and a polymerizable unsaturated group. 

However, none of them teach the use of a mixture of acrylic polvol(s) A and rubber 
polvol(s) B to prepare the radiation curable oligomer. 

Surprisingly, the presence of acrylic and rubber polyols residues in the oligomer 
backbone brings about a beneficial combination of properties, making them desirable for use as 
radiation curable adhesives as described on p. 12, lines 15-24 and p. 13, lines 20-23. 

Therefore, the presently claimed polymers are both novel and unobvious from the cited 
references alone or combined. 

Accordingly, the rejections on prior art are untenable and should be withdrawn. 

No further issues remaining, allowance of this application is respectfully requested. 
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If the Examiner has any comments or proposals for expediting prosecution, please 
contact undersigned at the telephone number below. 

Respectfully submitted, 
Zhikai WANG etal. 

j2 Matthew M. Jacob 
**** Registration No. 25,154 

MJ/kjf Attorney for Applicants 

Washington, D.C. 20005-1 503 

Telephone (202) 721-8200 

Facsimile (202) 72 1 -8250 

March 18, 2010 
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tic structural unit As a result of the increasing 
importance of di- and polyamines and water ad 
reactants, most of the industrially produced 
"polyurethanes" contain urea groups (in cluding 
the isocyanurates as cyclic ureas) as their main 
property-detennining structural units. 

A polyurethane is usually understood to be 
the fully reacted finished product (e.g., foams 
and coatings). These products are free from 
monomelic isocyanates and biologically avail- 
able isocyanate groups. In adhesive* and paints, 
the isocyanate-contaiinng precursors are often 
called "polyurethane adhesive 1 ', "polyurethane 
hardener*'* or "polyurethane paint" to indicate 
the special quality of the end product produced 
from them. 

The diLBOcyanate polyadditlon process for 
synthesizing FURs has the following characteris- 
tics: 

1) A large number of reactants (monomers and 
oligomers) are available. 

2) It is an exothennic reaction that can even 
take place at room temperature. No byprod- 
ucts have to be separated. 

3) The reaction rate can be controlled by cata- 
lysts within wide limits and in some cases 
specifically (e.g., tin compounds catalyze 
the ureihane reaction, tertiary amines cata- 
lyze the isocyanate- water reaction, see Sec- 
tion 8.1.1). 

4) Intermediates (pjftpolymers) with desired end 
groups can be produced, stoichiometry influ- 
ences the molecular mass (see Section 62). 

5) Production and composition can be adapted 
to various process techniques and extremely 
diverse product requirements. 

5) A large number of end products can be made. 

The direct production of compact and 
foamed, cross-linked plastic articles from liquid 
starting components is of great industrial impor- 
tance (see Section 6.1 and Chap, 11). 

Polyurethanes for further processing are 
commercially available as foamed plastic (blocks, 
sheets), thermoplastic pellets, solutions, aqueous 
. dispersions, and prepolymers. 

Polyurethane products include highly elastic 
foams (mattresses, cushions, car seats), rigid 
foams (insulation materials); rigid and flexible 
moldings with compact skins (window frames, 
housings, skis, damping units such as car shock 
absorbers, front- and rear-end body parts, steer- 
ing wheels, and shoe soles); engineering mold- 
ings with a high hardness and elasticity, ski 



boots, fifr*s hoses, blow-molded parts, noise 
shields for trucks, seals for stoneware pipes, 
roller coatings, sealants, grouting compounds, 
surfacing* for sport and play areas, oiT-the- 
road tires, windsurfer equipment, bydr ©cy- 
clones, fenders, printing rollers, cable sheathing, 
catheters, high-quality paints, corrosion protec- 
tion for steel-reinforced concrete, adhesives, tex- 
tile coatings, high-gloss paper coatings, leather 
finishes, poromerics, glass fiber sizes, and wool 
finishi ng agents. The number and range of appli- 
cations arc constantly growing [3]. 

The production, properties, technology, and 
use of PURs are reviewed in [4] -[15]. Recent 
research results are compiled in [16] -[22] and 
technical advances in [23] -[26]. 



2. Basic Reactions (l], [3], [4] 

; tten towicflfift vs&k tetauca 'tfea&&&3£££LJH&' 

The principle of the polymer chemistry con- 
ceived by Otto'Bayer in 1937 is the extension of 
this reaction to di- and polyfuncrional iso- 
cyanates and hydroxy compounds resulting in 
the formation of linear, branched, or cross- 
Knked polymers: 

X Y X Y 

HQ^OH + OCN-NCO + HO-^OH + OCN-NCO 

4 

Y v X Y X 

wO-CO-NH-NH-CO-O-O-CO-NH-NH-CO-Ovw 

or schematically 

W V -^A A < MV%M WV S M " 9S* + »AA* I / >a. 

^a. UruDctianal residue X of i (Calcohol 
— bifuBsdosnl raodtio Y Of * tfjeoeyannte 
* nrethane groop -NH-CO-O- 

The bask reactions of isocyanates shown in 
Figure 1 are also important in the production of 
PURs. 

Isocyanates ™* n undergo polyaddition reac- 
tions with primary amines, secondary diamines, 
or water (with C0 2 evolution) to give polyureas 
and with pUcarboxylic adds to give polyamidcs. 
The urethane groups in the polymer chain can 
react further with excess isocyanate to form 
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mnnoniers is n^ order with reaped 

with respect to the initiator concentration. Rate data for polymerization of 
several common acrylic monomers initiated with ^'-azobiaiaobutyranitrile 
CAIHN) [7M7-J] nave been determined and are shown in Table 6. The table also 
includes beats of polymerization and volume percent shrinkage- data. 



fatal* 6. PofyreolfeaBao Pita tor AgyWg Monomam tn golwllan* 



Acrylate 


Conoen Uatioa, 
aolvont 




Heat, 
kJ/mol ff 


Shrinkage, 
vol% 


methyl 

ethyl 

huiyl 


8 Mf methyl propionate 
8 AC benzene 
1.5 M, toluene 


260 
813 
324 


78.7 
77.8 
77.4 


24.8 
20.6 
15.7 


*Re£7G. 
^At 44.rO. 
*Td convert M i 


n kcal divide by 4.164. 









Acrylate and methacrylate polymerizations are accompanied by the libera- 
tion of a considerable amount of heat and a substantial decrease in volume. Both 
of these motors strongly influence most nmniifflflfalring processes. Excess heat 
must be dissipated to avoid -uncontrolled, axothormic polymerizations. In general* 
the percentage of shrinkage decreases as the size of the alcohol substituent 
increases; pn a molar basis, the shrinkage is relatively cane taut 077). 

The free-radical polymerization of acrylic monomers follows a classical 
r>Kfliti mechanism in which the eham-propaff«rton'etep entails the head-to-tail 
growth of the polymeric &ee radical by attack on the double bond o£ the monomer, 

B'— GH 3 GH-. +QH*=0H — * R'— CHgCR— CBa-CH- 
coor coon COOR OOOB 

Chain termination can occur by either combination or dispropcrtionatian, de- 
pending on the conditions af the process (78,79). 

Same details of the chain-initiation step have been elucidated. With an 
oxygen radical-initiator such as the f-butoxyl radical, both double bond addition 
and hydrogen abstraction are observed. Hydrogen abstraction is observed at the 
eater alkyi group of methyl acrylate- Double bond addition occurs in both a head- 
tQ'head and a head-to-tail manner (80). 

Acrylate polymerizations are markedly inhibited by oxygen; therefore, con- 
siderable care ia token to eTclnde air during thB polymerization stages of manu- 
facturing This inhibitory effect has been shown to be paused by copolymerization 
of oxygen with monomer, forming an alternating copolymer (81,82). 

R'— CH^CH- + Oj-^Vn'— CHflOTOO-iCHstjmOO- 
COOR OOOB COOR 



In the presence of any substantial amount of oxygen this reaction ia extremely 



